Soundings had been taken at the cut off wall re-
vealing no evidence of scouring or undermining.

Photographs of the dam were taken at the time of the inspec-
tions and were submitted with the inspection reports.

2.4 Evaluation

a. Availability

Engineering information is not available except that
which is on file at the NJDEP. The NJDEP file contains
copies of plans, specifications, calculations, corre-
spondence and photographs available for inspection at the
offices of the Bureau of Flood Plain Management, 1474
Prospect Street, Trenton, N.J.

Available from the Ocean County Engineering Department
are plans of the spillway which duplicate those in the
NJDEP file. In addition, plans of the timber road bridge
and a table of computed flows at various points on the
South Branch Metedeconk River are available from the
Ocean County Engineering Department.

b. Adequacy

The available information forms a fairly complete description
of subject dam with a few exceptions which are listed in
paragraph 7.1.b.
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Validity

Most information which was able to be verified was valid
within a reasonable allowance for error. However, hydro-
logic design computations prepred in 1968 were found to
be invalid in relation to criteria recently developed by
the U.S. Arny Corps of Engineers.




SECTION 3: VISUAL INSPECTION

3.1 Findings

a. General

The inspection of Lake Shenandoah Dam took place on
December 5, 1978 by members of the staff of Storch
Engineers. A copy of the visual inspection check list is
contained in Appendix 1. The following procedures were
employed for the inspection:

1. The embankment of the dam, appurtenant struc-
tures and adjacent areas were examined.

) Areas of suspected seepage were noted and
located.

3.  The embankment and accessible appurtenant
structures were measured and key elevations
determined by hand level.

4. The embankment and appurtenant structures and
adjacent areas were photographed.

5. A member of the staff of the Ocean County
Engineering Department was present to assist in
the inspection.

b. Dam
The dam embankment appeared to be uniformly aligned both

vertically and horizontally and the paved road on the
embankment was found to be in good condition.
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Significant erosion was noted along most of the upstream

face of the embankment and in some areas of the downstream
face, especially adjacent to the spillway discharge
channel. Steel sheet piling is exposed in some of the
eroded areas. With the exception of the eroded areas,

the grass cover on the embankment was in good condition.
No riprap was found on the embankment surfaces. Consid-
erable brush and trees were noted on the downstream face
and toe of the embankment.

Two wet marshy areas were observed in the area adjacent

to the downstream toe of the dam on either side of the
downstream channel. The wet areas were assessed as being
caused by seepage through the dam. At the time of inspection,
the discharges were slight and can be described as trickling
flows.

No evidence of cracking or settling was noted in the dam
nor were any animal holes observed.

The generalized soils description of the dam site con-
sists of shallow surface alluvial deposits of stratified
silty sand with varying anounts of gravel deposited

during the Quaternary Period and known as the Cape May
Formation in the Geologic Map of New Jersey prepared by
Lewis and Kummel. The shallow surface soils are underlain
by stratified fine micaceous quartz sand with small
amounts of silt with local thin layers of gravel and clay

deposited during the Tertiary Period and known as the
Kirkwood Sands. These soils are also indicated by borings
performed by Jersey Boring and Drilling Corp. at the time
of the spillway reconstruction. Boring logs are located
in Appendix 5.




Bedrock is in excess of 100 feet below the ground surface.
It is assumed that the dam is founded on the silty sands
of the Cape May Formation.

c. Appurtenant Structures

» The crest of the spillway appeared uniformly aligned,
although a major part of it was submerged by overflow at

E . the time of inspection. Water was flowing over the
principal (elev. 24.4) part of the spillway and, therefore,

the condition of much of the spillway surface was not
clearly observed. In the sections of the spillway which
were dry, some cracking and spalls, as well as leaching,
were observed. In general, all concrete appeared to be
in good condition.

Reportedly, the outlet equipment is in good working
condition, although its operation was not observed at the
time of inspection. The 48" diameter C.M. pipe was
examined at its outlet end and appeared to be in good
condition. However, a silt layer of 6 inches depth was
observed at the invert of the pipe. The manhole housing
the outlet gate was observed to be in good condition.

The fishway was in good condition except that slight
leakage was observed at the top of the ladder where it is
connected to the concrete structure on one side of the
spillway.

16




The timber bridge over the spillway appeared to be in
good condition.

d. Reservoir Area

Lake Shenandoah is long and narrow, averaging 468 feet in
width with an overall length in excess of 3/4 mile. It
is located in a county park and adjacent to undeveloped
areas with the exception of a sewage pump station located
near the south end of the dam.

The reservoir is located in a topographically flat area
and consequently has gradually sloping shores. There
were no structures, such as docks, observed on or near
the shore.

e. Downstream Channel

The spillway conveys water into the South Branch of

Metedeconk River which, in the proximity of the dam, is a
shallow, wide stream. [t appears to have a fairly

uniform bottom and is free of weeds, pools, obstructions

and debris. It has gently sloping banks and generally is
wooded to its edges. A bridge crosses the stream approximately
1,900 feet downstream from the dam. There are no dwellings
near the stream banks between the dam and the bridge.

17
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4.1

4.2

4.3

SECTION 4: OPERATIONAL PROCEDURES

Procedures

The level of water in Lake Shenandoah is regulated naturally
by discharge over the two stage spillway of Lake Shenandoah
Dam. The two staged crest has fixed elevations. Whenever
necessary for maintenance and repair the lake is lowered by
opening the outlet gate of the 48-inch diameter pipe.

Maintenance of the Dam

There is no program of regular inspection and maintenance of
the dam and appurtenant structures. One of the provisions of
the permit for reconstruction of the spillway specified that
"an annual report shall be submitted describing the existing
conditions" of the dam embankment, spillway and appurtenances.
However, only three of the required annual reports have been
written. The last of these was completed in 1973. Main-
tenance is performed by the Ocean County, Bridge Department as
the need arises.

At the time of the inspection, previously made repairs to
some eroded areas of the embankment were observed.

Maintenance of Operating Facilities

The slide-gate and the operating mechanisms used to open and

close it are maintained by the Ocean County Bridge Department
as the need arises. It is not known when the outlet conduit

was last maintained.
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4.4 Description of any warning systemn in effect

There is no warning system in service now and none was utilized
in the past.

4.5 Evaluation of Operational Adequacy

The operation of the spillway, since its reconstruction in
1969 has been successful to the extent that the dam has not
been overtopped since then.

The maintenance program for the dam appears to have been
fairly adequate. The bridge at the spillway, the roadway and
the top of dam are in good condition. However, some areas of
maintenance have not been adequately performed, such as the
following:

1. Trees and brush allowed to grow on downstrean side
of the embankment.

2. Erosion of embankment not adequately treated.

3.  Minor cracks and spalls on spillway not repaired.

4. Riprap on upstream face of embankment not installed
or not maintained in place.
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SECTION 5: HYDRAULIC/HYDROLOGIC

Evaluation of Features

Design data

The intensity of storm water runoff that the spillway
should be able to handle is based on the size and hazard
classification of the dam. This runoff intensity, called
the spillway design flood (SDF) is described in terms of
return frequency or probable maximum flood (PMF) depending
on the extent of the dam's size and potential hazard.
According to the "Recommended Gudielines for Safety
Inspection of Dams" published by the U.S. Arny Corps of
Engineers, the SOF for Lake Shenandoah Dam falls in a
range of 100-year frequency to 1/2PMF. In this case, the
low end of the range, 100-year frequency, is chosen since
the factors used to select size and hazard classification
are on the low side of their respective ranges.

The peak 100-year flood is 3,019 cfs as calculated in
accordance with analytical procedures contained in Special
Report 38 published by the NJDEP.

Computations used to determine the spillway discharge
capacity are contained in Appendix 4 of this report. The
spillway was assumed to have outflow characteristics of a
broad crested weir with breadth equal to two feet.

The spillway discharge (with water level at the dam

crest) was computed to be 3680 c.f.s. Since this value
is greater than the computed peak SOF (3019 c.f.s.), the
spillway is considered to be adequate according to criteria
developed by the U. S. Army Corps of Engineers.
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Experience Data

No records are available that would document the proper
operation of the dam and spillway since the spillway
reconstruction in 1969. No records of lake levels are
maintained.

Visual Observations

No evidence was found at the time of inspection that
would indicate that the dam had been overtopped.

The difference in elevation between the dam crest and the
spillway crest was measured as 6.2 feet which indicates
reasonable agreement with the value of 6.6 feet used in
the spillway design.

Overtopping Potential

As indicated in paragraph 5.1.a., the dam would not be
overtopped during a storm of magnitude equivalent to the
presently determined peak SDF. Detailed hydraulic and
hydrologic analysis is contained in Appendix 4.
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SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a.

Visual observations

The embankment appeared, at the time of inspection, to be
structurally sound with no evidence of cracks, displacement
or differential settlement. However, the visual inspection
disclosed two zones of seepage through the dam which were
manifested as wet swampy areas adjacent to the downstream
toe of dam. In one of the wet areas, located approximately
160 feet south of the spillway centerline, the water was
clear while in the other area, located approximately 175
feet north of the spillway centerline, the water contained
an orange colored silt.

An accurate determination of the severity of the seepage
depends on several factors, one of which is periodic
observation. The severity of the seepage noted at Lake
Shenandoah Dam cannot be precisely determined at the
present time.

Design and Construction Data

The analysis of structural stability and construction
data for the embankment are not available. The only
design and construction data available for the spillway
are the drawings prepared by Robert B. Powers,

P.E., L.S. of Lakewood for the reconstruction of the
spillway, prepared in 1968.

22
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In the "Report on Dam Application" by the State of New

Jersey, Division of Water Policy and Supply, dated June, 1968,
it is noted that "stresses in steel sheet piles due to
cantilever action were checked and found within permissible
limit."

Operati 3 Records

There are no operating records available for the dam.
The water level of Lake Shenandoah is not monitored.

Post Construction Changes

Since Lake Shenandoah Dam was reconstructed in 1969,

there have been no changes to the dam or the area surrounding
it that could have significant effect on its structural
integrity.

Seismic Stability

Lake Shenandoah Dam located in Seismic Zone 1 as defined
in “"Recommended Guidelines for Safety Inspection of Dams"
which is a zone of very low seismic activity. Experience
indicates that dams in Seismic Zone 1 will have adequate
stability under seismic loading conditons if stable under
static loading conditions. Lake Shenandoah Dam appears
to be stable under static loading conditions at the
present.

23
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SECTION 7: ASSESSMENT, RECOMMENDATIONS,
PROPOSED REMEDIAL MEASURES

Dam Assessment

Safety

The SDF applicable to Lake Shenandoah Dam (100-year
flood)has been calculated to have a peak magnitude of

3019 cfs. The capacity of the spillway when the lake

stage equals the elevation of the dam crest is 3680

c¢.f.s. Thus, the spillway is considered adequate according
to criteria developed by the U.S. Army Corps of Engineers.

The structural integrity of the dam appears to be adequate
based on field investigations; the seepage is not considered
to be an immediate indication of instability. No report

nor written evidence was found that would contradict that
assessment.

Therefore, based on hydraulic and structural considerations,
Lake Shenandoah Dam is assessed as being satisfactory in
relation to guidelines developed by the U.S. Arny Corps

of Engineers. Although some information has not been
determined, this is not considered to have a significant
effect on the overall assessment of the general condition
of the dam with the exception of additional seepage

studies (see paragragh 7.1.c.).
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b. Adequacy of Information

Information was gathered from several sources, including:
1). field investigation, 2). plans, specifications,
calculations and correspondence in NJDEP files, 3). USGS
quadrangle sheet, 4). aerial photography from Ocean
County, and 5). consultation with Ocean County Engineering
Department. The information obtained is sufficient to
allow a Phase I assessment as outlined in "Recommended
Guidelines for Safety Inspection of Dams."

Some of the absent data are as follows:
Stream and lake elevation gauging records.

Description of dam embankment fill materials.
As-built drawings of the dam and appurtenances.

bl

Annual inspection reports subsequent to 1973.

Ce Necessity for Additional Data/Evaluation

Although some data pertaining to Lake Shenandoah Dam are

not available, additional data are not considered imperative
for this Phase I evaluation due to the size and hazard
potential classifications of the dam and its general
appearance of structural integrity.

To provide an adequate record of existing conditions, a
topographic survey should be undertaken as outlined in
paragraph 7.2.c.

T —

Additional evaluation is considered necessary in order to
assess the structural integrity of the dam subsequent to
the issuance of this report. The evaluation should be
based on the monitoring and measuring of the observed
seepage as outlined in paragraph 7.2.c.
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7.2 Recommendations

a.

Remedial Measures

Based on the visual inspection of Lake Shenandoah Dam and
other pertinent data obtained as part of this report, it
is recommended that the following measures be undertaken

by the owner in the near future:

1.

Vegetation on the dam embankment, including the
small pine trees adjacent to the road, should
be removed. Trees should be cut at the ground
surface and brush removed in a way that will
cause minimal disturbance to the embankment.

The eroded areas on the dam embankment should
be properly filled and compacted. A protective
coating should be applied to the exposed steel
sheet piling before placing fill. Such work
should be done immediately after the vegetation
has been removed.

Riprap should be installed as shown on the
plans prepared by Robert B. Powers, P.E., L.S.,
on the upstream face of the dam along the
entire length of the embankment.

The concrete spillway should be thoroughly
inspected and repaired as outlined below:
a. Drain the lake to an elevation equal
to the invert of the outlet pipe.
b. Sand blast all concrete and apply an
epoxy preservative coating to all
surfaces.
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c. Pressure grout all major cracks and
patch all spalls and eroded surfaces.

d. Seal the ieak at the joint between
the fishway inlet and the spillway.

5. The silt layer should be cleaned from the
downstream end of the outlet pipe.

The implementation of the above measures will require
proper detailed design and the obtaining of applicable
NJDEP approvals.

Maintenance

The owner of the dam should initiate a program of periodic
inspection and maintenance in the near future, the complete
records of which to be kept on file and made available to
the public. A visual inspection of the dam and appurtenances
by a qualified professional engineer should be made

annually and reported on a standardized check-list form.
Repairs should be made when required and the following
maintenance should be performed annually: remove vegetation
from the embankment, repair the riprap after it is installed
on the upstream dam face, fill and sod any eroded surfaces
of the embankment, and clear the downstream channel. In
addition, the lake should be lowered at least every five
years at which time the lake should be cleaned and the
submerged portions of the dam, spillway and outlet works
inspected and repaired.
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~; c. Additional Studies

é Arrangements should be made immediately to monitor the
seepage by visual observation. If necessary, measurements
should be made by the use of appropriate instrumentation.
The monitoring should be performed on a monthly basis by
a qualified professional engineer.

A detailed topographic survey of the dam and area around
the dam should be undertaken by a qualified licensed land
surveyor or professional engineer in the near future.

The survey map should be related to existing construction
drawings and should become part of the permanent record
mentioned in paragraph 7.2.b.
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APPENDIX 2

Photographs
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PHOTO 1 |
SPILLWAY ;
|

PHOTO 2
ROAD BRIDGE OVER SPILLWAY DISCHARGE CHANNEL

5 DEC. 1978




PHOTO 3
OUTLET WORKS MANHOLE

PHOTO 4

TIMBER SHEETING FORMING SPILLWAY DISCHARGE CHANNEL
CORRUGATED METAL OUTLET PIPE

5 DEC.

1978




PHOTO 5
UPSTREAM FACE OF DAM

PHOTO 6
DOWNSTREAM FACE OF DAM
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PHOTO 7
FISHWAY

PHOTO 8

EROSION ADJACENT TO DOWNSTREAM TIMBER SHEETING

5 DEC.

1978

e o B

B Sy

e T  EEI—————

ool e c Al m St

P

P




PHOTO 9
SEEPAGE AT NORTH DOWNSTREAM TOE OF DAM

PHOTO 10
DOWNSTREAM CHANNEL

2 UEC.

£t

1978
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APPENDIX 3

Engineering Data




CHECK LIST
HYDROLOGIC AND HYDRAULIC DATA

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: Generally wooded.partly developed
{ ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): 24.8 (111 acre-feet)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): N.A

ELEVATION MAXIMUM DESIGN POOL: 30.6

ELEVATION TOP DAM: 30.6

SPILLWAY CREST: Semicircular reinforced concrete
25. 2$Secondary crest, 1ength 25. 4 ft.)

a. Elevation__ 24.4(Primary crest, lenqth 52 ft.)

b. Type uncontrolled overflow

Cc. Width 25"

d. Length 77.4 ft. (total)

e. Location Spillover entire length of spillway

f. Number and Type of Gates___ None

OUTLET WORKS: 1 - 48" Diam. pipe

a. Type Corrugated Metal Pipe

5. Location Approx. 8ft. south of spillway

c. Entrance inverts 13.36 (Plans)

d. Exit inverts 12.8 (Field measured)

e. Emergency draindown facilities: Slide gate in manhole 1
HYDROMETEOROLOGICAL GAGES: None ]

a. Type N.A. .

b. Location N.A.

c. Records N.A. | E
MAXIMUM NON-DAMAGING DISCHARGE: ?
I

(Lake stagé equal to top of dam) 3680 cfs
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Hydrologic Computations
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i LAKE SHENANDQAH DAM
| BORING LOG INFORMATION

1. Boring Log information taken from drawing titled
“Proposed Spillway at Lake Shenandoah" prepared by
Robert B. Powers, P.E., L.S., dated May, 1968.

2. NOTES ON DRAWING

Borings made by:

JERSEY BORING & DRILLING CORP.
NEWARK, N. J.

BORING LOG PRESENTATION

Col. A. denotes depth below existing ground
surface.

Col. B. denotes a visual classification of
materials sampled.

Col. C. denotes sample numbers at appropriate
depths.

Col. D. denotes blows per 6" on a 2" o.d. sampler
with a 140 1b. hammer falling 30".

Col. E. denotes blows per 1' on a 2-1/2" dia.
casing with a 250 1b. hammer falling
24",




Water readings were taken inside the casing at
the time the borings were made. Soil porosity,
site topography, recent rainfall, casing wash
water, etc. may cause changes in fluctuation
or inaccuracies in the water reading.

NOTE: Borings made at locations indicated in
the field by stakes placed by the
clients representative.
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